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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY
[0001] The present application claims priority from
[0002] Japanese patent application serial No. JP 2010-

122957, filed on May 28, 2010, the content of which is hereby
incorporated by reference into this application.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a liquid crystal dis-
play device which includes a backlight for illuminating a
liquid crystal panel (for displaying images) from behind and
executes brightness adjustment of the backlight according to
an image signal inputted for the displaying of the images.
[0005] 2. Description of the Related Art

[0006] A liquid crystal display device is equipped with a
non-emitting liquid crystal panel (light-transmissive optical
modulation element) and a backlight arranged behind the
liquid crystal panel to illuminate the panel with light, difter-
ently from self-emission display devices (CRT, plasma dis-
play panel, etc.). In general, the liquid crystal display device
displays images at desired brightness by controlling the opti-
cal transmittance of the liquid crystal panel according to the
brightness specified by the image signal while making the
backlight emit light at a fixed brightness level irrespective of
the image signal. Therefore, the electric power consumption
of the backlight remains constant without decreasing even
when dark images are displayed. This leads to low electric
power efficiency of the liquid crystal display device. A tech-
nique proposed as a countermeasure against this problem
employs variable brightness of the backlight. The technique
reduces the electric power consumption while improving the
image quality, by controlling the grayscale level of the liquid
crystal panel and the brightness of the backlight according to
the brightness level (luminance level) of the inputted image
signal. There also exists a technique known as “area control”
or “local dimming”, in which the backlight is segmented into
multiple areas and the backlight brightness control is con-
ducted for each of the areas.

[0007] For example, in a liquid crystal display device
described in the first embodiment of JP-A-2008-15430, the
backlight is segmented into a plurality of areas, the brightest
grayscale level in each area in one frame of the inputted image
signal is detected in regard to each primary color (R, G, B),
and the grayscale levels of the inputted image signal are
converted (adjusted) so that the brightest grayscale level
equals the upper limit of the grayscale level, while making the
backlight blink (at a high frequency) at a duty ratio corre-
sponding to the ratio of the detected brightest grayscale level
to the upper limit of the grayscale level during the lighting
period of the backlight.

SUMMARY OF THE INVENTION

[0008] The aforementioned area control is capable of mini-
mizing the power consumption of the entire backlight since
the power consumption can be optimized for each of the
areas. However, the execution of the area control can cause
deterioration in the image quality depending on the pattern,
design, etc. of the screen (i.e., image displayed on the screen).
For example, in a screen in which a small black area (black
window area) exists in a white background, the electric power
reduction effect is small since the number of areas undergoing
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the reduction of the backlight brightness is small. Further, a
drop in the brightness of a white background area surround-
ing the black window area becomes pronounced since the
light originally leaking from the black window area to the
surrounding white background area disappears almost totally.
Therefore, it is desirable that the area control be carried out
properly according to a “black area” (i.e., the area (size) of
black areas (black parts) on the screen.

[0009] Other effects of the backlight control include, for
example, prevention of leaking of light between adjoining
areas with the use of a spatial filter, reduction of electric
power (power consumption) by power control, improvement
of visual qualities by shading control, etc.

[0010] Optimum conditions for the quality improvement of
the displayed image and the power reduction of the backlight
vary depending also on the viewing environment and the
image display mode. For storefront or in-store demonstration,
for example, high brightness and high image quality should
be given priority over power reduction since the illuminance
of the surrounding environment is high. In contrast, power
reduction should basically be given high priority for viewing
at home. Even for home viewing, however, high image qual-
ity is desirable for watching movies, etc.

[0011] It is therefore an object of the present invention to
provide a liquid crystal display device capable of optimally
setting the backlight control according to the viewing envi-
ronment and the image display mode.

[0012] In accordance with an aspect of the present inven-
tion, there is provided a liquid crystal display device compris-
ing a liquid crystal panel and a backlight which illuminates
the liquid crystal panel with light, wherein the liquid crystal
panel is segmented into a plurality of areas of pixels by
dividing the pixels on the panel into a plurality of pixel
groups, and the backlight is formed by a plurality of backlight
cells corresponding to the areas, respectively. The liquid crys-
tal display device comprises: an area control section which
sets a light control value, as a value for individually control-
ling illumination intensity of each backlight cell, based on a
brightness level of an image signal for the area corresponding
to the backlight cell; light control value correcting sections
which corrects the light control values set by the area control
section; and a controller which controls operations of the area
control section and the light control value correcting sections.
The controller controls the illumination by the backlight by
switching the operations of the light control value correcting
sections according to an image display mode selected by a
user.

[0013] Preferably, the light control value correcting sec-
tions include at least two selected from the following: a spa-
tial filter which corrects the light control values so that spatial
distribution of the light control values becomes more moder-
ate in consideration of effect of leaking of light between
adjoining areas; a black area control section which measures
a black area based on the number of pixels whose brightness
signal level is a black level threshold value or less, compares
the calculated black area with a black area threshold value,
and sets a minimum value of the light control value based on
result of the comparison; a power control section which cal-
culates power consumption of the backlight and corrects the
light control values so that the power consumption does not
exceed an electric power limit value; and a shading control
section which corrects the light control values so as to rela-



US 2011/0292018 Al

tively lower brightness in a peripheral part of a screen of the
liquid crystal panel in comparison with a central part of the
screen.

[0014] By the present invention, a liquid crystal display
device capable of optimally setting the backlight control
according to the viewing environment and the image display
mode can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and other features, objects and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings wherein:

[0016] FIG. 1 is a block diagram showing a liquid crystal
display device in accordance with an embodiment of the
present invention.

[0017] FIG. 2A is a schematic diagram showing an
example of the configuration of a liquid crystal panel.
[0018] FIG.2B is aschematic diagram showing an example
of the configuration of a backlight.

[0019] FIG. 3 is a schematic cross-sectional view showing
an example of the configuration of a backlight cell of the
backlight.

[0020] FIG. 4 is a flow chart showing the process flow of
backlight control.

[0021] FIG. 5 is a table showing the relationship between
image display modes and the backlight control.

[0022] FIGS. 6 A-6D are explanatory drawings for explain-
ing the operation of a spatial filter.

[0023] FIGS. 7A-7D are graphs for explaining the opera-
tion of a black area control section.

[0024] FIG. 8 is a flow chart showing the operation of a
power control section.

[0025] FIGS. 9A and 9B are graphs showing the operation
of a shading control section.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] Referring now to the drawings, a description will be
given in detail of a preferred embodiment in accordance with
the present invention.

[0027] FIG. 1 is a block diagram showing a liquid crystal
display device in accordance with an embodiment of the
present invention. The liquid crystal display device includes
an image signal input section 1, an in-area grayscale value
detecting section 2, a boundary grayscale value detecting
section 3, a brightness level detecting section 4 and a black
area detecting section 5. Feature values of an image signal
inputted to the device are detected by the detecting sections
2-5. A backlight light-control section, for generating a control
signal (light control values) for a backlight 12, includes an
area control section 6, a spatial filter 7, a black area control
section 8, a power control section (APC (Automatic Power
Control))9 and a shading control section 10. The backlight 12
is driven by a backlight driving section 11.

[0028] In order to generate a control signal for a liquid
crystal panel 16, the liquid crystal display device includes a
backlight brightness calculating section 13 and an image
signal correcting section 14. The liquid crystal panel 16 is
driven by a liquid crystal panel control section 15. A micro-
controller 17, functioning as a controller, controls the opera-
tion of each component while controlling the backlight 12
according to an image display mode selected by the user.
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[0029] The backlight 12 is formed by a plurality of light
source blocks (backlight cells) each having an LED light
source. The backlight cells can be lit at different (indepen-
dent) brightness levels (backlight brightness). The control
signal (light control values) for the backlight 12 is first set by
the area control section 6 according to the brightness level
(luminance level) of the inputted image signal and thereafter
corrected by the spatial filter 7, the black area control section
8, the power control section 9 and the shading control section
10 according to the selected image display mode.

[0030] Next, the configuration and operation of each com-
ponent of the liquid crystal display device of this embodiment
will be explained below. FIGS. 2A and 2B are schematic
diagrams showing an example of the configuration of the
liquid crystal panel 16 and the backlight 12, respectively. The
display screen 100 of the liquid crystal panel 16 is segmented
into sub-regions (areas) 101 each including a plurality of
pixels. In this example, the display screen 100 is segmented
into thirty rectangular areas 101 by dividing it into six parts in
the horizontal direction and five parts in the vertical direction.
[0031] The illuminating face 200 of the backlight 12 facing
the display screen 100 is formed by arranging a plurality of
backlight cells 201 in a matrix (six cells in the horizontal
direction and five cells in the vertical direction) so that the
backlight cells 201 can illuminate corresponding areas 101 of
the liquid crystal panel 16 (display screen 100). Each back-
light cell 201 is equipped with an LED light source 202 (a pair
of LED light sources 202 in this example) arranged in its
upper part. Thus, light intensity levels of the backlight cells
201 are controlled independently in units of backlight cells.

[0032] FIG. 3 is a schematic cross-sectional view showing
an example of the configuration of the backlight cell 201. In
FIG. 3, a cross section taken along a plane parallel to the
vertical direction (Y-axis) of the display screen 100 shown in
FIG. 2A and orthogonal to the display screen 100 is shown.
The backlight cell 201 is equipped with the LED light source
(s) 202, a light guide plate 203 and a reflecting plate 204.
Light emitted from the LED light source 202 is incident upon
an end face (left end in FIG. 3) of the light guide plate 203.
The light guide plate 203 outputs the incident light toward the
liquid crystal panel 16 (upward in FIG. 3) as indicated with
arrows. The light guide plate 203 has a wedge-shaped cross
section with its thickness gradually decreasing from the light
inlet end to a tip (right end in FIG. 3) opposite to the light inlet
end. This shape allows the light guide plate 203 (from the
light inlet end to the tip) to output the light upward. The
reflecting plate 204 arranged at the back of the light guide
plate 203 reflects the incident light (entering and traveling
through the light guide plate 203) upward with high effi-
ciency. Incidentally, while an LED of the so-called side view
type (emitting light in a direction parallel to its electrode
surface) is employed as the LED light source 202 in this
embodiment, the LED light source 202 may also be imple-
mented by an LED of the top view type (emitting light in a
direction orthogonal to its electrode surface).

[0033] Next, control systems for the liquid crystal panel 16
and the backlight 12 will be explained below. The in-area
grayscale value detecting section 2 detects the grayscale level
of'the inputted image signal in regard to every pixel belonging
to one area 101 and thereby obtains an in-area maximum
grayscale level of the area 101, for each of the areas 101
forming the liquid crystal panel 16 (display screen 100). The
boundary grayscale value detecting section 3 detects the gray-
scalelevel of the inputted image signal in regard to every pixel
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belonging to a boundary part of one area 101 (adjoining
neighboring areas) and thereby obtains a boundary part maxi-
mum grayscale level of the area 101, for each of the areas 101
forming the liquid crystal panel 16 (display screen 100).
[0034] The brightness level detecting section 4 detects a
maximum brightness level of each area from the values of the
in-area maximum grayscale level and the boundary part
maximum grayscale level of the area. It is also possible to
detect an average brightness level (APL (Average Picture
Level)) of each area instead of the maximum brightness level
and execute the subsequent process based on the average
brightness level. Meanwhile, the black area detecting section
5 compares a brightness signal level (luminance signal level)
of each of the pixels in the display screen with a black level
threshold value, obtains the number of pixels whose bright-
ness signal level is the threshold value or less, and measures
a black display area (“black area”) from the ratio of the
obtained number of pixels to the total number of pixels in the
screen.

[0035] Thearea control section 6 sets illumination intensity
of each backlight cell 201 (for each area) based on the maxi-
mum brightness level of each area detected by the brightness
level detecting section 4 (area control). Specifically, the area
control section 6 sets a control value as a backlight driving
signal (hereinafter referred to as a “light control value”) so
that the backlight brightness will be at a level proportional to
the maximum brightness level. Further, the area control sec-
tion 6, including the spatial filter 7 and the black area control
section 8, corrects the light control values (for the areas)
which has been set as above.

[0036] The spatial filter 7 corrects the light control values
for the areas so that spatial distribution of the light control
values becomes more moderate (spatial filter control) in con-
sideration of the effect of leaking of light between adjoining
areas. In other words, the spatial filter 7 changes the intensity
of the area control.

[0037] The black area control section 8 compares the black
area detected by the black area detecting section 5 with a
black area threshold value and sets a minimum value (lower
limit value) of the light control value based on the compari-
son. Specifically, when the black area is smaller than the black
area threshold value, the light control values of all the areas
are set at the maximum (area control: OFF). When the black
area is larger than the black area threshold value, the mini-
mum value of the light control values is set corresponding to
the black area (black area control). Further, flicker is pre-
vented by use of a time filter (although not shown in FIG. 1).
Specifically, when the difference in the light control value
between frames exceeds a threshold value, the change (dif-
ference) is suppressed by the time filter.

[0038] The power control section (APC) 9 occasionally
calculates the electric power consumption of the entire back-
light and controls the light control values so that the power
consumption does not exceed a limit value (threshold value).
When the power consumption exceeds the threshold value,
the power control section 9 uniformly lowers the light control
values of all the areas (power control). The shading control
section 10 executes a process of reducing the light control
values of backlight cells 201 for the peripheral part of the
screen by a prescribed amount (shading control) so as to
relatively lower the brightness in the peripheral part of the
screen in comparison with the central part of the screen.
[0039] The backlight driving section 11 receives the light
control value for each area and controls the brightness of each
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backlight cell 201 (LED light source 202) corresponding to
each area. For the brightness adjustment of the LED light
source 202, PWM (Pulse-Width Modulation) and amplitude
control may be used. In the PWM control, the duty ratio is set
so that it reaches 100% when the brightness is at the maxi-
mum. The duty ratio is varied corresponding to the light
control value.

[0040] The backlight brightness calculating section 13 cal-
culates backlight brightness on the display screen based on
the light control values for the areas outputted by the area
control section 6. The backlight brightness at an arbitrary
point A on the screen is obtained by first figuring out the
brightness value at the point A in each case where only one
backlight cell 201 for each area is lit at the light control value
for the area and then calculating the sum of the brightness
values of all the cases (total brightness when all the backlight
cells 201 are lit).

[0041] The image signal correcting section 14 corrects the
image signal (grayscale value) for each pixel based on the
backlight brightness B calculated by the backlight brightness
calculating section 13. This correction is made by multiplying
the image signal (grayscale value) by a correction coefficient
Bmax/B, where “Bmax” represents the backlight brightness
when the backlight cells of all the areas are lit at the maximum
light control value.

[0042] The liquid crystal panel control section 15 generates
a display control signal based on the corrected image signal
and horizontal and vertical synchronization signals inputted
thereto. A display signal and a scan signal (as the display
control signal) are outputted to the liquid crystal panel 16
from an H-driver and a V-driver of the liquid crystal panel
control section 15, respectively. The liquid crystal panel 16
receiving the display signal and the scan signal applies a
grayscale voltage corresponding to the display signal to each
corresponding pixel area and thereby controls the liquid crys-
tal optical transmittance in each pixel area.

[0043] Incidentally, detailed operation of the spatial filter 7,
the black area control section 8, the power control section 9
and the shading control section 10 for correcting the backlight
control values (light control value) will be described later.
[0044] FIG. 41saflow chart showing the process flow of the
backlight control in this embodiment. In step S401, the
micro-controller 17 receives the user’s selection of the image
display mode. In step S402, the micro-controller 17 sends a
control switching signal corresponding to the selected image
display mode to each processing section for the backlight
control. Selectable image display modes may include an “in-
store demonstration (supermarket) mode”, a “power reduc-
tion (standard) mode”, a “high image quality (cinema)
mode”, etc.

[0045] In step S403, the image signal is inputted to the
image signal input section 1. Thereafter, the following pro-
cess is executed for each frame. In step S404, the brightness
level detecting section 4 detects the maximum brightness
level of each area. As mentioned above, it is also possible to
detect an average brightness level (APL (Average Picture
Level)) of each area instead of the maximum brightness level
and execute the following process based on the average
brightness level.

[0046] Instep S405, the area control section 6 calculates the
light control value (backlight control value) for each area
(hereinafter referred to as an “initial light control value”). The
initial light control values for the areas are determined so that
the backlight brightness of each area becomes proportional to
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the maximum brightness level of the area. In step S406, the
black area detecting section 5 compares the brightness signal
level (luminance signal level) of each of the pixels in the
screen with the black level threshold value (in regard to the
whole of the inputted screen image (one frame)) and mea-
sures the ratio of the black area to the entire screen (%) based
on the number of pixels whose brightness signal level is the
threshold value or less.

[0047] In step S407, the black area control section 8 com-
pares the black area detected by the black area detecting
section 5 with the black area threshold value and sets the
minimum value (lower limit value) of the light control value
based on the comparison. When the black area is smaller than
the black area threshold value, the light control values of all
the areas are set at the maximum (area control: OFF). When
the black area is larger than the black area threshold value, the
minimum value of the light control values is set correspond-
ing to the black area (black area control). This black area
control (S407) is executed according to the control switching
signal supplied from the micro-controller 17 in the step S402.
According to the control switching signal, whether the black
area control (step S407) should be executed or not (ON/OFF)
is switched and the black area threshold value (when the black
area control is executed) is set. In cases where the black area
control is OFF, the step S407 is skipped.

[0048] In step S408, the spatial filter 7 corrects the light
control values of the areas so that spatial distribution of the
light control values becomes more gradual between areas
(spatial filter control). This spatial filter control (S408) is also
executed according to the control switching signal supplied in
S402. According to the control switching signal, the control
level (HIGH/MIDDLE/LLOW) of the spatial filter (S408) is
switched. Incidentally, the control level “HIGH (STRONG)”
means to make (leave) the spatial distribution of the light
control values sharp, while “LOW (WEAK)” means to mod-
erate the spatial distribution of the light control values.

[0049] In step S409, the power control section 9 occasion-
ally calculates the power consumption of the entire backlight
and controls the light control values so that the power con-
sumption does not exceed the limit value (threshold value).
When the power consumption exceeds the threshold value,
the power control section 9 uniformly lowers the light control
values of all the areas (power control). This power control
(S409) is also executed according to the control switching
signal supplied in S402. According to the control switching
signal, whether the power control (S409) should be executed
or not (ON/OFF) is switched and the limit value (when the
power control is executed) is set. In cases where the power
control is OFF, the step S409 is skipped.

[0050] Instep S410, the shading control section 10 reduces
the light control values of the backlight cells for the peripheral
part of the screen by a prescribed amount in comparison with
the central part of the screen (shading control). This shading
control (S410) is also executed according to the control
switching signal supplied in S402. According to the control
switching signal, whether the shading control (S410) should
be executed or not (ON/OFF) is switched and the amount of
reduction of the light control values (when the shading con-
trol is executed) is set. In cases where the shading control is
OFF, the step S410 is skipped.

[0051] Instep S411, final light control values for the areas
of the backlight are determined. The backlight is driven
according to the final light control values.
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[0052] Meanwhile, in step S412, the backlight brightness
calculating section 13 calculates the backlight brightness on
the display screen based on the light control values of the
areas after undergoing the spatial filter control of S408. In
step S413, the image signal correcting section 14 corrects the
image signal (grayscale value) of each pixel based on the
backlight brightness calculated in S412. The corrected image
signal is used for generating the display signal (display con-
trol signal) for the liquid crystal panel 16.

[0053] FIG. 5 is a table showing the relationship between
the image display mode and the backlight control. Examples
of combinations of backlight control functions that should be
executed for each image display mode selected by the user are
shown in FIG. 5. In this example, the user is allowed to select
a desired image display mode from three options: (a) in-store
demonstration (supermarket) mode, (b) power reduction
(standard) mode and (c) high image quality (cinema) mode.
Meanwhile, the backlight control functions include (1) spa-
tial filter control, (2) black area control, (3) power control and
(4) shading control. The switching (ON/OFF, HIGH/
MIDDLE/LOW) of each backlight control function is
executed in conjunction with the selection of the image dis-
play mode by the user. The threshold value, limit value, etc.
used in the control functions can be selected by the user.

[0054] Concrete examples of the switching of the control
will be explained below. In the in-store demonstration mode
(a), it is desirable to maximize the brightness of the display
screen since the illuminance of the surrounding environment
is high. Therefore, the power control and the shading control
are set to OFF. Incidentally, it is also possible to set the
shading control to ON while increasing the backlight power
consumption in the in-store demonstration mode. In the
power reduction mode (b), high priority is given to the reduc-
tion of power consumption. Therefore, the power control and
the shading control are set to ON while setting the black area
control to OFF. In this mode, the user is allowed to select the
threshold value, etc. of the power control and the shading
control (i.e., the amount of electric power saving). In the high
image quality mode (c), high priority is given to the image
quality such as the brightness and the contrast of the display
screen. Therefore, it is effective to suppress the so-called
“black floating” (phenomenon (graying of black) specific to
liquid crystal displays) by setting the spatial filter control at
HIGH (or MIDDLE) (see the definition of “HIGH” given in
the explanation of the step S408 of FIG. 4).

[0055] By the control described above, each backlight con-
trol function is optimized according to the image display
mode selected by the user, realizing image display suitable for
the purpose of the display. Incidentally, the combinations of
control functions shown in FIG. 5 are just an example for
illustration. The conditions for the control may be changed
according to the viewing environment, etc. While the above
image display modes selectable by the user have been
explained as an example, it is also possible to add an illumi-
nance sensor to the liquid crystal display device and make the
device automatically control the backlight according to the
surrounding environment (illuminance). For example, when
the surrounding environment (e.g., illumination in the room
in which the liquid crystal display device is placed) is bright,
the power control and the shading control may be automati-
cally setto OFF so as to keep the displayed images bright and
easy to see. When the surrounding environment is dark, the
power control and the shading control may be automatically
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set to ON since the need of keeping the images bright is lower
compared to the cases where the surrounding environment is
bright.

[0056] As above, by this embodiment in which the mode of
the area control executed by the backlight light-control sec-
tion is switched and controlled according to the instruction by
the user and/or the surrounding environment, the power con-
sumption of the backlight can be reduced while realizing the
displaying of high quality images.

[0057] In the following, the spatial filter control, the black
area control, the power control and the shading control, which
have been taken as examples of the backlight control func-
tions, will be explained in more detail. FIGS. 6A-6D are
explanatory drawings for explaining the operation of the spa-
tial filter 7. First, distribution of the light emitted from the
backlight (backlight cell) will be explained. While the light
emitted from a backlight cell basically illuminates the area
corresponding to the backlight cell, not 100% of the light
illuminates the corresponding area, that is, some of the emit-
ted light leaks out to adjacent areas due to the structure of the
backlight. For example, 80% of the light emitted from a
backlight cell (at the center) illuminates the corresponding
area and the remaining 20% leaks out to adjacent areas (up-
ward, downward, rightward and leftward) as in the screen
600a shown in FIG. 6 A. When all the backlight cells are lit at
the maximum brightness, each area (evenly exchanging the
leaking light with each adjacent area) is capable of maintain-
ing its brightness at 100%. However, in the area control in
which the backlight cell brightness differs among the areas,
the brightness of an image (symbol, figure, etc.) displayed on
the screen is affected by areas surrounding the image.
[0058] For example, in a case where a bright image 601
exists at the center of a dark background image 602 as in the
screen 6005 shown in FIG. 6B, executing ordinary area con-
trol to the backlight results in the screen 600¢ shown in FIG.
6C. Inthe central area 603, the backlight brightness is set high
according to the bright image 601 while setting the backlight
brightness low for the surrounding areas 604. Consequently,
the amount of light leaking from the surrounding areas 604 to
the central area 603 decreases and the image 601 in the central
area 603 gets darker than its original brightness.

[0059] The spatial filter 7 is used as a countermeasure
against this phenomenon. In the screen 6004 shown in FIG.
6D, the backlight brightness for the surrounding areas 604 is
also increased equivalently to the central area 603. Conse-
quently, the amount of light leaking from the surrounding
areas 604 to the central area 603 increases, by which the
brightness of the image 601 in the central area 603 can be
made close to the original brightness. The spatial filter 7
executes this process. Specifically, the spatial filter 7 adds up
the amounts of the light leak from the surrounding areas to the
area by use of area coefficients (representing the amount of
the light leak between adjoining areas) and thereby corrects
the light control values so that the backlight brightness of the
area equals a desired value. In other words, the spatial filter 7
executes a process of moderating the brightness difference
between adjoining areas to the backlight brightness distribu-
tion among the areas. The control level of the spatial filter 7
can be selected from and switched among the aforementioned
three levels STRONG, MIDDLE and WEAK (HIGH,
MIDDLE and LOW). The screen 600¢ (FI1G. 6C) represents a
case where the control level is “STRONG”, while the screen
6004 (FIG. 6D) represents a case where the control level is
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“WEAK?” (see the definition of the control levels given in the
explanation of the step S408 of FIG. 4).

[0060] FIGS. 7A-7D are graphs for explaining the opera-
tion of the black, area control section 8. The black area control
section 8 controls the intensity of the area control according to
the black area detected by the black area detecting section 5.
Specifically, the black area control section 8 compares the
black area S with the black area threshold value SO and sets
the lower limit of the light control value (minimum light
control value Kmin) of the backlight based on the compari-
son. If the black area S is less than the black area threshold
value S0, the maximum value permissible for the light control
value is given as the minimum light control value Kmin (case
A). If the black area S is the threshold value SO or more, an
intermediate light control value previously set corresponding
to the black area S is given as the minimum light control value
Kmin (case B). If the black area S corresponds to the entire
screen (approximately 100%), a light control value for “all
black” is given as the minimum light control value Kmin
(case C). Incidentally, the black area threshold value SO and
the intermediate light control value used in the case B may be
changed (switched) in conjunction with the selection of the
image display mode by the user.

[0061] By the above setting of the minimum light control
value Kmin, when the black area is small as in the case A, the
light control values of all the areas area set at the maximum
light control value (maximum value of the backlight bright-
ness) (area control: OFF), by which the image is displayed
with the original brightness. In contrast, when the black area
increases as in the case B and case C, electric power reduction
can be achieved by intensifying the area control by lowering
the minimum light control value Kmin.

[0062] FIG. 8 is a flow chart showing the operation of the
power control section 9. The power control section 9 calcu-
lates the power consumption of the entire backlight and con-
trols the light control values so that the power consumption
does not exceed the limit value. In step S801, the light control
value K of each backlight cell (light source block) for each
area is acquired. In step S802, the electric power P consumed
by the entire backlight is calculated. In cases where the power
consumption of each light source block is proportional to its
light control value, the power consumption P of the entire
backlight can be calculated by adding up the light control
values K of all the light source blocks. Even when the pro-
portionality does not hold between the power consumption
and the light control value of each light source block, the
power consumption P of the entire backlight can be calculated
by first calculating the power consumption of each light
source block using a relational expression between the power
consumption and the light control value and then summing up
the calculated power consumptions.

[0063] Instep S803,the calculated power consumption P is
compared with the limit value (threshold value) Pmax. When
the power consumption P exceeds the threshold value Pmax
(S803: YES), the process advances to step S804 and an
attenuation coefficient a for the light control value K is
obtained (e.g., a=Pmax/P). When the power consumption P is
the threshold value Pmax or less (S803: NO), the process
advances to step S805 and the attenuation coefficient a is set
at1 (a=1).

[0064] Instep S806, the light control value K for each area
is corrected by uniformly multiplying the light control value
K by the attenuation coefficient a (corrected light control
value K'=cK). In step S807, the backlight is lit using the
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corrected light control values K' for the areas (using the
original light control values K when the power consumption
P is the threshold value Pmax or less). By this process, the
power consumption of the backlight can be limited within the
threshold value Pmax.

[0065] By repeatedly executing the above process as
needed (for each frame, for example) the power consumption
can be kept within the threshold value Pmax even when the
input image changes abruptly. Incidentally, the threshold
value Pmax may be set variably according to the intended
amount of electric power saving.

[0066] FIGS.9A and 9B are graphs showing the operation
of the shading control section 10. In FIGS. 9A and 9B, dis-
tribution of the brightness on the display screen after the
shading process is shown, wherein the reference numeral
“901” (FIG. 9A) represents the brightness distribution in the
horizontal direction (X direction) of the screen and “902”
(FIG. 9B) represents the brightness distribution in the vertical
direction (Y direction) of the screen. In either direction, the
correction (shading process) is made so that the brightness in
the peripheral part of the screen (right and left edges, top and
bottom edges) becomes relatively lower than that in the cen-
tral part of the screen. The shading process has the effects of
enhancing the presence of displayed images adapting to
visual properties of the human (placing his/her effective
visual field in the central part of the screen) and reducing the
electric power (power consumption). This process may be
conducted by making a weighting correction to the backlight
brightness distribution (distribution of the light control val-
ues) obtained by the area control so as to reduce the relative
brightness of the peripheral part of the screen to f(<1 on the
assumption that the relative brightness equals 1 in the central
part). Since the power consumption of the backlight is
reduced by the execution of the shading control, the intensity
of'the shading (§) can be represented by the amount of reduc-
tion of the power consumption. Incidentally, when the back-
light cell 201 of the edge light type shown in FIG. 3 is
employed for the backlight, the brightness distribution of the
light emitted from the backlight cell 201 becomes asymmetri-
cal depending on the position of the LED light source(s) 202
in the backlight cell (darker on the LED light source’s side).
Consequently, in the case where the backlight cells 201 are
arranged as shown in FIG. 2B, the brightness distribution
becomes asymmetrical in the vertical direction of the screen
even when all the backlight cells 201 are lit at the same
brightness (darker in the upper part of the screen). Therefore,
by making a correction to the aforementioned weighting cor-
rection in the vertical direction (Y direction) of the screen as
indicated with the reference numeral “903” (broken line) so
as to eliminate the asymmetry, symmetry of the brightness
distribution in the vertical direction can be achieved. In the
arrangement shown in FIG. 2B, the weighting correction in
the horizontal direction (X direction) of the screen (indicated
with the reference numeral “901” (solid line)) needs no fur-
ther correction since the brightness distribution in the hori-
zontal direction is symmetrical from the outset.

[0067] As described above, by the configuration of the
above embodiment, each backlight control function is opti-
mized according to the image display mode selected by the
user, realizing image display suitable for the purpose of the
display. Incidentally, while the spatial filter control, the black
area control, the power control and the shading control have
been taken as examples of the backlight control functions in
the above description, the combination of the backlight con-
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trol functions is just a specific example. The combination may
be changed properly according to the viewing environment,
etc.

[0068] While the backlight light-control section (including
the area control section 6, spatial filter 7, black area control
section 8, power control section 9 and shading control section
10) and the micro-controller 17 (as the controller for control-
ling the backlight light-control section) are implemented as
separate circuit elements in the above embodiment, it is also
possible to integrate the backlight light-control section and
the micro-controller 17 (and the detecting sections 2, 3 and 5)
into one integrated circuit.

What is claimed is:
1. A liquid crystal display device comprising a liquid crys-
tal panel and a backlight which illuminates the liquid crystal
panel with light, wherein:
the liquid crystal panel is segmented into a plurality of
areas of pixels by dividing the pixels on the panel into a
plurality of pixel groups, and
the backlight is formed by a plurality of backlight cells
corresponding to the areas, respectively, and
the liquid crystal display device comprises a backlight
light-control section which executes area control for
independently controlling illumination intensity of each
backlight cell based on a brightness level of an image
signal for the area corresponding to the backlight cell
and a controller which controls the backlight light-con-
trol section, and
the backlight light-control section has multiple area control
modes, and
the controller controls the backlight light-control section to
switch the area control mode according to an image
display mode selected by a user.
2. A liquid crystal display device comprising a liquid crys-
tal panel and a backlight which illuminates the liquid crystal
panel with light, wherein:
the liquid crystal panel is segmented into a plurality of
areas of pixels by dividing the pixels on the panel into a
plurality of pixel groups, and
the backlight is formed by a plurality of backlight cells
corresponding to the areas, respectively, and
the liquid crystal display device comprises:
an area control section which sets a light control value,
as a value for individually controlling illumination
intensity of each backlight cell, based on a brightness
level of an image signal for the area corresponding to
the backlight cell;

light control value correcting sections which corrects the
light control values set by the area control section; and

acontroller which controls operations of the area control
section and the light control value correcting sections,
and

the controller controls the illumination by the backlight by
switching the operations of the light control value cor-
recting sections according to an image display mode
selected by a user.

3. The liquid crystal display device according to claim 2,

wherein:

the light control value correcting sections include at least
two selected from the following:

a spatial filter which corrects the light control values so that
spatial distribution of the light control values becomes
more moderate in consideration of effect of leaking of
light between adjoining areas;
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a black area control section which measures a black area
based on the number of pixels whose brightness signal
level is a black level threshold value or less, compares
the calculated black area with a black area threshold
value, and sets a minimum value of the light control
value based on result of the comparison;

a power control section which calculates power consump-
tion of the backlight and corrects the light control values
so that the power consumption does not exceed an elec-
tric power limit value; and

a shading control section which corrects the light control
values so as to relatively lower brightness in a peripheral
part of a screen of the liquid crystal panel in comparison
with a central part of the screen.

4. The liquid crystal display device according to claim 3,

wherein the controller sets the black area threshold value of
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the black area control section, the electric power limit value of
the power control section or a power reduction value of the
shading control section according to selection by the user.

5. The liquid crystal display device according to claim 2,
wherein the image display modes selectable by the user
include an in-store demonstration mode, a power reduction
mode and a high image quality mode.

6. The liquid crystal display device according to claim 2,
further comprising an illuminance sensor which detects illu-
minance around the device,

wherein the controller controls the illumination by the

backlight by switching the operations of the light control
value correcting sections according to the illuminance
detected by the illuminance sensor.
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